Cantharellus and Afrocantharellus mushrooms are widely consumed in both fresh and dry forms. However, their antioxidant and whether their values changing with drying processes are not known. This study establishes their values and the effect of sun drying on their quality and quantity. Methanolic extracts of five Cantharellus and two Afrocantharellus species were investigated. The investigation used (1,1-diphenyl-2-picrylhydrazyl radical) DPPH as a substrate to determine radical scavenging abilities. Further quantitative analyses for carotenoids, flavonoid, total phenolic compounds and vitamin C content were done using spectrophotometric assay at 515 nm. Comparatively, fresh mushroom had higher vitamin C and Lycopene contents than their dry counterparts with β-carotene. Flavonoid and phenolic compounds were higher in dry forms than those in their fresh counterparts. Radical scavenging ability also varied with fresh forms depicting higher activity compared to dry forms. The variation was low in Afrocantharellus species (0.8% and 0.99%) while it was higher in Cantharellus species (24.12% and 7.52%). The highest ability was observed in fresh forms of Cantharellus pseudocibarius (EC 50 < 0.14 mg/ml) while the least ability (EC 50 = 0.4 mg/ml) was from dry form of Cantharellus rufopunctatus. This shows that studied mushrooms are rich in antioxidants and their quality and quantities are affected differently in both forms. Both dry and fresh mushrooms are potential sources of natural antioxidants. The portrayed high scavenging ability by these mushrooms envisages promoting them into potential nutraceutics.
Introduction
Antioxidants are chemical compounds that protect cells from damage by free radicals through inhibiting oxidation or reactions promoted by oxygen or peroxides. These free radicals are capable of damaging all components of body including proteins, lipids, DNA and sugars [1] . Antioxidants are thus important in living organisms because they may delay or stop formation of free radical by giving hydrogen atoms or scavenging them [2] . Oxidation reactions are essential to all aerobic organisms for energy production used in different biological processes.
Although all organisms are highly protected against oxidative damage by natural occurring antioxidant in our body such as glutathione created within cells, they are insufficient to totally prevent the damage. Uncontrolled reactions of production of oxygen reactive species lead to many pathophysiological disorders [3] . Many oxidative stresses, which lead to brain dysfunction, pathology of cancer, atherosclerosis, malaria and rheumatoid arthritis are also associated with cell damage caused by excess free radicals. Natural products that contain antioxidant property help to protect the endogenous system by scavenging the free radicals that play a major role in the progression of these wide ranges of pathological disturbances [1] . Synthetic antioxidants such as butylated hydroxytoluene-BHT, tertiary butylhydroquinone, esters of 3,4,5-trihydroxybenzoic acid and butylated hydroxyanisole-BHA, among others, have been tremendously resulting into potential toxicity in their applications [4] . This has stirred up an increased interest in the search and use of antioxidant rich food such as herbs, spices, seeds, cereals, fruits, vegetables and mushrooms [5, 6] in human diets for the interest of providing possible protective agents such as phenolic compounds that help human body reduce oxidative damage.
Polyphenols generally refer to complex groups of compounds with aromatic ring bearing hydroxyl group. They include complex structures such as flavonoids and anthocyanins as well as simple phenolic acids and derivatives. Polyphenols show chemopreventive, cytostatic, immunomodulatory, bacteriostatic/bactericidal, antifungal, anti-inflammatory, antioxidant and many other pharmacological activities [7] . Phenolic compounds have recently attracted much interest because in vitro and in vivo studies suggest that they have a variety of beneficial biological properties which may play an important role in the maintenance of human health [8] . The polyphenols are also well-known for their large array of biological actions that include metal chelation and enzyme modulation activities and free radical scavenging, among others [9, 10] .
Mushrooms are known to have antioxidant activity [11] [12] [13] [14] . They are also well-known for their rich sources of proteins, vitamins and minerals [14, 15] . These properties have attracted a growing interest of using mushrooms in various nutraceutic products [16] . Mushrooms have also been reported as sources of physiological agents for medicinal applications and various therapeutic activities such as antioxidants, anti-carcinogenic, antiinflammatory, possessing antiviral, immune-enhancer and antibiotic among others [11, [17] [18] [19] [20] . In recent decades, various extracts of mushrooms and plants have increasingly demonstrated the potent and unique health enhancing properties of compounds and extracts of range of medicinal mushrooms. They are thus of great interest as sources of natural products thence highly studied, although, still there are several varieties of wild mushrooms whose nutritive and medicinal profiles have not been described especially from developing countries [21] .
Tanzania is endowed with high diversified types of natural vegetations on different topology ranging from hilly mountains to low land grass, flat land and valleys which provide a highest diversity of indigenous wild mushrooms [22] [23] [24] [25] [26] [27] . In the country, wild mushroom eating habit is more in rural areas and relies exclusively on collection from the wild, eating them fresh or sun-drying them for long preservation. Mushrooms from the genera Cantharellus and a recently new described genus Afrocantharellus [27] , are among well-known and appreciated mushrooms collected mainly from miombo woodlands which form a part of estimated area of 2.7 million km 2 on nutrient-poor soils in sub-Saharan Africa [28] . Some studies have confirmed that chanterelles are nutritious and rich sources of fat, carbohydrates, fiber and energy [29, 30] , but antioxidant properties of such wild mushrooms are still limited. For example, antioxidant of four Cantharelllus species has been reported from Himalaya and India [31, 32] where the species C. fries was found to have the highest antioxidant among the three studied taxa in Himalaya.
To the best knowledge of this study, there is no study which has been done to explore and establish the antioxidant activity and other medicinal properties of these well-eaten mushrooms in many communities mainly living near the miombo woodlands in Tanzania. Therefore, this work is aimed at establishing the antioxidant potential from twenty methanolic extracts of mushroom fruiting bodies of seven species in the genera Cantharellus and Afrocantharellus naturally growing symbiotically with miombo trees in different geographic locations of Tanzania. The work also establishes if the antioxidant and free radical scavenging activities values change with sun drying process which is the common preservation method used in the studied area.
Materials and Methods

Sample Collection
Mushroom samples were collected from different field sites in Tanzania (Figure 1) . The collected mushrooms were identified using colored field guidebooks and monographs [22, 23, [33] [34] [35] and internet facility. Following fresh observation, some of the mushrooms were immediately frozen in deep freezer until further analysis while some were sun dried and deposited at the (DSM) University of Dar es Salaam herbarium and some duplicated at the Uppsala university herbarium (UPS). All details of the studied taxa are summarized in Table 1 and accompanying field photo in Figure 2. 
Quantitative and Qualitative Determination of Antioxidant Activity
All the chemicals used in this work were analytical grade and purchased from Sigma Aldrich Co. (St Louis, MO, USA). The antioxidant ability of each species was analyzed using DPPH radical and antioxidant properties were analysed by determining the polyphenols (total Table 1 ).
phenolic compounds, vitamin C, β-carotene, lycopene and flavonoid) constituents of each extracts.
Extracts Preparation
Methanolic extractions were carried out using 25 g of the whole mushroom fruit body weighed using analytical balance at room temperature. The mushrooms were powdered in a motor using pestles and soaked in 250 ml of methanol and extraction proceeded as explained in Jaita et al. [36] . It involved constant stirring of the material for 48 hrs then filtered using Whatman filter paper. The filtrates were evaporated to dryness at 40˚C in a rotary evaporator under reduced pressure. The obtained concentrated extracts were stored in dark at 4˚C until further analysis.
Determination of Mushroom Extracts Yield
The yields of evaporated dried extracts were obtained by gravimetric method. The percentage yield extracts were calculated based on dry weight as:
where W 1 = Weight of extract after methanol evaporation; W 2 = Weight of the extracted mushroom.
Determination of Total Flavonoid
The total flavonoid was determined with Aluminium chloride according to Jaita et al. [36] and Pitchaon et al. [37] using quercetin as standard. 1 ml of each extract was diluted with 4.3 ml of 80% aqueous ethanol containing 0.1 ml of 10% Aluminum nitrate and 0.1 ml of 1 Maqueous Potassium acetate. After 40 minutes incubation at room temperature, the absorbance was determined calorimetrically at 515 nm using the SAME spectrophotometer Uv-vis model 6305 Jenway UK. Total flavonoid concentration was calculated using quercetin standard calibration curve. Data were expressed as Rutin equivalent/100g of mushroom extracted.
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Total Phenolic Contents Determination
The total phenolic content in each mushroom extracts was determined using the Folin-Ciocalteu colorimetric method [38] . Each 0.1 gm of extract was diluted with 5 ml of methanol. 200 µl of the mushroom extract was transferred into a test tube then mixed thoroughly with 1 ml of Folin-Ciocalteau reagent. After 3 min, 0.8 ml of 7.5% (w/v) sodium carbonate was added to the mixture. The mixture was agitated for further 30 minutes in the dark and centrifuged at 3300 g for 5 minutes. The absorbance of mushroom extract and prepared blank were measured at 515 nm using spectrophotometer (Uv-vis model 6305 Jenway UK). The total phenolic content in the mushroom extract was expressed as milligram of gallic acid equivalent per 100 g weight of mushroom using the linear equation obtained from standard gallic acid calibration curve.
β-Carotene and Lycopene Antioxidant Activity Assays
The assay was carried out according to the method of Nagata and Yamashita [39] . The mushroom extract (100 mg) was shaken with 10 ml of Acetone-hexane mixture 
Determination of Vitamin C
The vitamin C content was determined titrametrically using 2.6 Dichloropheno Indophenol methods. Known weight of grounded sample was mixed with 25 ml of 5% metaphosphoric acid solution and shaken for 30 min. The mixture was then filtered through Whatman no 42 filter paper using suction pump. 10 ml was pipetted from the extract in 250 ml conical flask and titrated against 0.025% of 2.6 Dichlorophenol Indophenol reagents. The amount of vitamin C in each extract was calculated from the equation: where, A = quantity of ascorbic acid (mg) reacting with 1 ml of 2.6 indophenol; I = volume of indophenol (in ml) required for the completion for the titration with extract; V 1 = total volume of extract; V 2 = volume of extract used for each titration; W = weight of the mushroom sample extracted.
DPPH Free Radical Scavenging Activity Assays
The qualitative assays were performed according to the method of Masuda et al. [40] , Jaita et al. [36] . A series of extracts to methanol (1:10 -1: 10 5 ) were prepared. Ascorbic acid was used as a standard control. A measure of 1 ml of the extract was mixed with 1 ml of 0.4 mmol −1 methanolic solutions containing 1:1-diphenyl-2picryhydrazyl (DPPH) radical that are very stable. Each free radical scavenging activity assay was done three times from the same extract in order to determine their reproducibility and standard deviation for the three readings were statistically determined. The mixture was left in the dark for 30 min. and the absorbance measured at 515 nm. The percentage of DPPH radical scavenging activity of each extract was determined at these five concentrations, within the range of dose response and was calculated as: A s = the absorbance of the sample extract solution without DPPH.
Data Analysis
The scavenging activities of crude extracts on DPPH radicals were carried out in triplicate and the results were expressed as means ± standard errors. The EC 50 value (total antioxidant necessary to decrease the initial DPPH radical concentration by 50%) were obtained from the linear regression plots (Sigma Plot R 2001, SPSS) or calculated by substituting 50% for "y" into the curve equation of scavenging activity against extracts concentrations.
Results and Discussion
From the analyzed extracts, all species posses organic compounds with antioxidant potentials in different concentrations and their intensity of antioxidant activities differed markedly within the species in their dry and fresh forms as well as between different species. While the fresh mushroom showed high vitamin C and lycopene, the phenolic compounds, β-carotene, and Flavonoid were much higher in dry forms of the same taxa (Figure 3) . This indicates that some vitamin C and lycopene vanished during drying processes while sun-drying processes enhanced phenolic compounds β-carotene and flavonoid. In this study, sun-drying process that includes exposing the mushroom to the solar ultraviolet radiations has revealed to increase the amount of phenolic compounds among others, which correspond to the increased intensity of antioxidant activities. This finding is in agreement with the observation by Tibuhwa et al. (2012b) who also noted the 11% scavenging ability increase in Coprinus enhanced by sun drying process. The increase of antioxidant activities due to solar ultraviolet radiation exposure has been also observed in plants. A study by Masuda et al. [40] , reported that seashore plants exhibiting strong antioxidant activity were associated with full sunlight exposures.
Although other antioxidant studies in mushroom shows low values of flavonoid [14, 41] to the extent of suggesting very sensitive equipment for its precision, it is interesting to find that the studied mushroom possess relative higher amount of flavonoid ranging from 13.07 to 155.16 mg quercetin equivalent/100g in both forms. In the studied mushrooms, carotenoids (lycopene and ß-carotene) were also high ranging from 12 -68 mg/100g in both forms. Lycopene is known to be the most efficient singlet oxygen quencher compared with a variety of carotenoids and a-tocopherol in vitro [42] . The study by Stahl et al. [43] shows that it is three times more efficient than β-carotene in preventing lipid peroxidation in multi lamellar liposomes. Lycopene has been also found to provide up to 35% protective effect against lung and prostate cancer with no associated risks [44] . The observed high amounts of antioxidant activity in the studied mushroom thus imply that, they can be used as food supplement or promoted into nutraceutics. Currently there are no established standard dietary intakes of phenolic compounds, however, Krebs-Smith et al. [45] reported that the American Cancer Society established 100 mg per day of flavonoids as an adequate amount for the prevention of cancer and deteriorating illness. The mushrooms studied show that they have good amount of antioxidant activity. For example, the amount of flavonoid obtained in dry form of A. splendens and C. rufopunctatus were 155.16 mg/100g and 134.31 mg/100g which is even higher than the suggested daily intake by the American Cancer Society. Different research findings propose that mushroom rich in antioxidant activity play an important role in prevention of cancer [17, [46] [47] [48] [49] . A recent study by Masalu et al. [49] also revealed a new described species Cantharellus miomboensis species nov. from miombowoodland of Tanzania [50] to have the potential of inducing apoptosis an important stage in developing antitumor drugs. It is well known that excess free radicals may damage cellular lipids, proteins and DNA, affecting normal body function thus leading to various diseases including Cancer [51, 52] . The established high antioxidant activities in these species envisage the pur-
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A Comparative Study of Antioxidant Activities between Fresh and Dry Mushrooms in the Genera Cantharellus and Afrocantharellus from Tanzania 217 poseful promotion of eating wild mushrooms for the improved healthiness. Reducing power of any compound is often used as an indicator of its electron donating ability, which is an important mechanism for testing its ant oxidative ability. Dose dependency of the scavenging ability of hydroxyl radicals of the studied mushroom extracts was also investigated as a function of reducing power and presented in the order of their EC50 values. The result shows that the radical scavenging ability increases with increasing concentrations in all the samples ( Table 2) . However, fresh samples showed high hydroxyl radical scavenging activity compared to dry mushroom (Figure 4(b) ). 
A Comparative Study of Antioxidant Activities between Fresh and Dry Mushrooms in the Genera Cantharellus and Afrocantharellus from Tanzania 218 It was interesting to note a high variation of radical scavenging ability between different forms of the same species, but also between the two genera. For example, the variation of the radical scavenging ability in Afrocantharellus species increased by 0.86% and 0.99% for A. splendens and A. symoensii, respectively. The variation was however noticeable higher in Cantharellus species with fresh forms having higher values than their dry counterparts by 24.12% and 7.52% for C. pseudocibarius and C. rufopunctus, respectively ( Table 2) . A fresh prepared DPPH solution was deep purple in colour which faded away as the DPPH free radicals were quenched and converted into a colourless product (2,2 diphenyl-1-hydrazine) resulting in absorbance decrease, thus the more rapidly the absorbance decreased the more effective was the antioxidant activity of the extracts. The highest activity was observed at the concentration of 1 mg/ml and it was in the dry form of Cantharellus congolensis (94.14 mg/ml) although it missed the fresh form for comparison. The used Vitamin C as a positive control showed EC 50 Value (mg equivalent Vitamin-C/mg dry weight extract) of 1. None of the samples evaluated here showed activity as strong as the standard antioxidant Vitamin-C. Others comparing their activity in mg/ml of fresh against dry form were in the order of Afrocantharellus splendens (83.22 fresh vs 82.17 dry) > (82.17 fresh vs 71.68 dry) for Cantharellus rufopunctatus, > (78.37 fresh vs 63.14 dry) for Cantharellus pseudocibarius and > 63.73 fresh vs 62.14 dry for Afrocantharellus symoensii. The plotted graph of scavenging activity against different concentration of the extracts shows that the antioxidant activity increases with increasing concentration, the finding that has also been reported by Tibuhwa [14] and Banerjee [53] . The obtained extract radical scavenging effect was found to be positively correlated with the amount of total phenolic compounds (r = 0.8983). In this correlation, the higher the phenolic content the best the scavenging power. This result has been also observed in other studies including Wong and Chye [21] , Filipa et al. [54] , Tibuhwa [14] . In this study this fact has been also well revealed. For example, Species C. pseudocibarius was observed to have high phenolic compounds of 933.31 mg/100g which corresponded with high scavenging ability of less than 0.14 mg/ml compared to species C. rufopunctatus which possessed least phenolic compound of 153.86 mg/100g and exhibited lowest scavenging ability of 0.4 mg/ml. Interestingly, the total antioxidant necessary to decrease the initial DPPH radical concentration by 50% differed markedly with different forms and between the species. For example the highest ability was observed in both fresh and dry forms of Cantharellus pseudocibarius (EC 50 < 0.14 mg/ml and EC 50 < 0.175 mg/ml) followed by fresh and dry forms of Afrocantharellus symoensii (EC 50 = 0.2 mg/ml and EC 50 < 0.35 mg/ml) while the least ability (EC 50 = 0.4 mg/ml) was from dry form of Cantharellus rufopunctatus (Figure 4(b) ). These results reveal that the studied mushrooms have high scavenging ability in both forms compared to abilities observed in well-known medicinal plants such as Ardisia japonica EC 50 = 12.72 μg/ml Ardisia conyzoides EC 50 = 15.19 μg/ml and Cocculus hirsutus EC 50 = 10.68 μg/ml [55] .
Human beings are among aerobic organisms; our body constantly produced free radicals during normal cellular metabolism that sometime exceed the natural endogenous defense mechanisms to eliminate them. The studied mushrooms have been found to possess potential antioxidants in high amount. Supplying our body with natu-
